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Open access under CC BYClassiﬁcation and labeling of products with extreme pH values (62 or P11.5) is addressed in chemicals
legislation. Following determination of pH and alkaline/acid reserve, additional in vitro tests are needed,
especially to substantiate results less than corrosive. However, only limited experience with the practical
application of in vitro methods to determine appropriate classiﬁcations for pH extreme products is avail-
able so far. Expert judgment and weight of evidence are given major roles under the globally harmonized
system of classiﬁcation and labeling of chemicals (GHS) and should be performed on a sound data basis.
We have used a tiered testing strategy to assess 20 industrial products (cleaning and metal pretreatment)
regarding their corrosive and irritating properties towards human skin models in vitro in the EpiDerm™
skin corrosion and/or skin irritation test. Nine dilutions of individual compounds were additionally
tested. Non-corrosive samples were tested in the Hen’s egg test chorioallantoic membrane (HET-CAM).
We demonstrate how data is combined in a weight of evidence expert judgment, and give examples of
classiﬁcation decisions. To our knowledge this is the ﬁrst comprehensive analysis of industrial products
with extreme pH values to determine irritating and corrosive properties by making use of in vitro meth-
ods in a weight of evidence approach.
 2011 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction and packaging regulation (CLP or EU GHS) (EU, 2008). Weight ofAppropriate classiﬁcation and labeling with regard to the corro-
sive and irritating potential of products to skin and eyes represents
a fundamental requirement in chemicals legislation. Tiered weight
of evidence (WoE) strategies are generally suggested for testing
and assessment in accordance with international chemicals legisla-
tion, speciﬁcally under the globally harmonized system of classiﬁ-
cation and labeling of chemicals (GHS) (UN, 2003, 2009) and its
regional implementation like the European classiﬁcation, labelingentional calculation method;
n; DEGBE, diethylene glycol
directive; DSD, dangerous
rritation test; GHS, globally
SM, human skin model; ICE,
noethanolamine; MPT, metal
,5-diphenyltetrazolium bro-
itrilotriacetic acid; (Q)SAR,
nstructed human epidermis;
x: +49 211 798 12413.
).
-NC-ND license.evidence means that all available information relevant for the pur-
pose is considered together through expert judgment, like physico-
chemical data, results of suitable in vitro tests, relevant animal data
and human experience, (Q)SAR, results from grouping and read-
across approaches as well as human data, if available.
A generic approach to assess the dangerous/hazardous proper-
ties of preparations in the EU consists in the application of calcula-
tion methods which are routinely used and especially considered
suitable in cases where no speciﬁc, possibly non-additive effects
are expected. With regard to mixtures or products with pH values
in the extremely low acidic or high alkaline range, the CLP states –
similar to previous EU legislation (DSD and DPD, (EU, 1976, 1999))
– that the application of such generic calculation methods is insuf-
ﬁcient. ‘‘A mixture is considered corrosive to skin (skin corrosive
Category 1) if it has a pH of 2 or less or a pH of 11.5 or greater. If
consideration of alkali/acid reserve suggests the substance or
mixture may not be corrosive despite the low or high pH value,
then further testing shall be carried out to conﬁrm this, preferably
by use of an appropriate validated in vitro test.’’ This reads
analogously for effects on the eye: ‘‘A mixture is considered to
cause serious eye damage (Category 1) if it has a pH 62.0 or
1436 J. Scheel et al. / Toxicology in Vitro 25 (2011) 1435–1447P11.5. If consideration of alkali/acid reserve suggests the mixture
may not have the potential to cause serious eye damage despite
the low or high pH value, then further testing needs to be carried
out to conﬁrm this, preferably by use of an appropriate validated
in vitro test’’ (EU, 2008).
The alkali/acid reserve referred to in the regulation was pro-
posed over 20 years ago by Young et al. (1988). It represents a titra-
tion method by which substances or preparations may be classiﬁed
as irritating or corrosive to the skin which is in particular useful
when the irritating or corrosive properties of a preparation are
due to the acidity/alkalinity.
Quite a number of in vitro methods to assess skin and eye irri-
tation/corrosion have been developed as alternatives to the
in vivo rabbit tests (OECD, 2002a, 2002b), some of which have
undergone formal validation. Several in vitro methods to assess
corrosive effects of substances and mixtures to the skin have been
ofﬁcially adopted by OECD over the past decade including the hu-
man skin model test (OECD, 2004a, 2004b, 2006). In contrast to
skin corrosion which refers to the production of irreversible tissue
damage of the skin following the application of a test material, skin
irritation refers to the production of reversible damage. Only re-
cently OECD adopted an in vitro procedure that may be used for
the hazard identiﬁcation of skin irritants by measuring cell viabil-
ity in reconstructed human epidermis (RhE), which in its overall
design closely mimics the biochemical and physiological proper-
ties of the upper parts of the human skin. Currently three validated
test methods, i.e. EpiDerm™, EpiSkin™ and SkinEthic™, are avail-
able that comply with this guideline (OECD, 2010a).
For the assessment of eye irritation, some organotypic models
have gained partial regulatory acceptance: The Bovine Corneal
Opacity and Permeability Test Method (BCOP) and the Isolated
Chicken Eye (ICE) test method have been recently implemented
at OECD level to screen for corrosives and severe eye irritants
(OECD, 2009a, 2009b). In Europe, the HET-CAM (Hen’s Egg Test
Chorioallantoic Membrane) and the Isolated Rabbit Eye (IRE) test
have also been accepted for this purpose (EU, 2009). In addition,
the Cytosensor Microphysiometer test method has gained valida-
tion status for identiﬁcation of severe irritants (water soluble
materials) and not-classiﬁed (water-soluble surfactants and sur-
factant-containing mixtures) and for which the OECD guideline is
currently being drafted (OECD, 2010b). At the current stage,
in vitro eye irritation methods may especially be useful as part of
WoE assessments rather than as stand-alone classiﬁcation
methods.
In this study, we have used a tiered testing strategy to generate
data for 20 industrial products (cleaners and metal pre-treatment
products) and 9 individual compounds to assess their corrosive
and irritating properties with EpiDerm™ human skin models
(Epi-200) and in the HET-CAM. The information from the in vitro
tests was assessed in the context of all available data, including
historical in vivo data for individual components in a weight of evi-
dence approach.2. Materials and methods
2.1. Test samples
Test samples were provided by Henkel AG & Co. KGaA, Düssel-
dorf. All samples were liquids. Trade names are not disclosed due
to intellectual property reasons, but a description of the basic
chemistry of the product classes is provided in Table 1, as well as
the CAS numbers and test concentrations of individual compounds
(Table 2). Dilutions of compounds were prepared with puriﬁed
water (aqua bidest.). Controls and references are described below
in the context of the individual protocols.2.2. Conventional calculation method (CCM) according to DPD
The conventional calculation method is a standard method in
the EU to provide an estimate of the hazardous properties of a
preparation based on the classiﬁcation of its ingredients (EU,
1999). In the case that speciﬁc concentration limits have been as-
signed to substances, these must be used for the calculation; in all
other instances generic limits are applied. A preparation is
considered
 corrosive, if P (Pcor/Lcor)P 1
 irritating, if P (Pcor/Lirr + Pirr/Lirr)P 1
Pcor/irr are the percentages by weight or volume of each corro-
sive substance which is assigned to a corrosive (cor) or irritating
(irr) classiﬁcation in the preparation; Lcor/irr are the corresponding
concentration limits. For eye effects, two separate calculations are
performed to assess severe eye irritation and eye irritation. We re-
fer to the calculation method and classiﬁcation symbols of DPD and
DSD which is still valid for the classiﬁcation of products until June
2015. Also, since not for all product constituents GHS classiﬁca-
tions were available at the time of the study, a similar exercise
with GHS provisions could not be conducted.
2.3. Determination of pH and the acid or alkali reserve
The procedure was performed as described previously (Young
et al., 1988). In brief, for liquids, the pH of the undiluted liquid
was determined where possible. The acid/alkali reserve is usually
determined by titration with 2 N sodium hydroxide for acid and
with 2 N sulphuric acid for alkaline solutions. Acid/alkali reserve
(AR) is expressed as NaOH/H2SO4 (equivalent) in [g] per 100 g li-
quid required to adjust the pH to pH 4 (for acids) or pH 10 (for
alkaline substances or products). A sample is classiﬁed as
 corrosive, if pH + 1/12 alkali reserveP 14.5 or pH  1/12 acid
reserve 6 0.5
 irritating, if pH + 1/6 alkali reserveP 13 or pH  1/6 acid
reserve 6 1.
2.4. The EpiDerm™ human epidermis model
The EpiDerm™ skin model, produced by MatTek Corporation
(Ashland, MA, USA), consists of normal human keratinoctyes
(NHEK) cultured to form a multilayered, highly differentiated mod-
el of the human epidermis in vitro. The model consists of organized
basal, spinous, granular and corniﬁed layers analogous to those
found in vivo. The EpiDerm™ Tissues (surface area 0.63 cm2) were
cultured on specially prepared cell culture inserts and shipped as
kits containing 24 tissues on agarose. Each batch was controlled
by the manufacturer. Both the tissues and the provided culture
media were tested for viral, bacterial, fungal, and mycoplasma con-
tamination. The manufacturer also provides information on the
ET50 (50% reduction in tissue viability at a given time) for the stan-
dard test chemical Triton X-100, and on tissue viability (tested
with MTT, (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide)) for each lot. All tests were performed according to GLP.
2.4.1. EpiDerm™ skin corrosion test
The experiments were performed according to OECD guideline
431 (OECD, 2004a). In these assays, the irritation potential of a test
material is typically determined by measuring cell viability in the
treated tissues by means of the colorimetric MTT reduction assay
after topical application onto the tissue surface. Cell viability is
determined by evaluating enzymatic reduction of the yellow MTT
tetrazolium salt to a blue formazan salt. Reduced MTT is quantiﬁed
Table 1
Products with extreme pH: testing results and WoE assessments.
Product type Chemical description Classiﬁcation
for skin & eye
corrosion/
irritation
according to
CCM (DPD)
CCM sum of
quotients
pH Alkali/acid
reserve
(Young)
HSM corrosivity
test (mean cell
viability after
3 min/1 h [%])
HSM
irritation test
(mean cell
viability [%])b
HET-CAM WoE
conclusions
(scenarios
see Fig. 1)
Classiﬁcation
Alkaline cleaner for
industrial use 1
Contains organic compounds; salts of
organic and inorganic acids, <5% non-
ionic and anionic surfactants
Xi; R36/38 0.8 (R41)a
1.7 (R36)
1.3 (R38)
12.9 Irritating
(alkali
reserve = 2.7)
Corrosive
(64.7/13.4)
Not tested Not tested 1 Corrosive to skin
and eyes (GHS Cat
1a, H314 or DPD C;
R35)
Alkaline cleaner for
industrial use 2
Contains salts of organic acids
(including NTA sodium salt),
alcohols/ethers, 5–15% non-ionic
surfactants and anionic surfactants
Xi; R36 0.1 (R38)
0.7 (R41)
1.9 (R36)
12.7 Irritating
(alkali
reserve = 2.7)
Corrosive
(53.7/13.2)
Not tested Not tested 1 Corrosive to skin
and eyes (GHS Cat
1a, H314 or DPD C;
R35)
Alkaline cleaner for
industrial use 3
Contains organic acids and salts
thereof, inorganic compounds
(including 1–5% sodium metasilicate
pentahydrate), alcohols/ethers; <5%
anionic and non-ionic surfactants
Xi; R38-41 0.4 (R34)
1.1 (R41)
1.3 (R38)
13.0 Irritating
(alkali
reserve = 1.00)
Corrosive
(16.4/15.9)
Not tested Not tested 1 Corrosive to skin
and eyes (GHS Cat
1a, H314 or DPD C;
R35)
Acid cleaner for
industrial use 1
Contains organic and inorganic acids
(including 1–5% sulphuric acid), <5%
non-ionic surfactants
Not irritating
(not
classiﬁed)
0.9 (R36)
0.9 (R38)
0.6 Irritating
(acid
reserve = 4.8)
Not corrosive
(100.7/16.2)
Irritating
(21.3)
Severely
irritating
(Q = 2.61)
3 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)
Acid cleaner for
industrial use 2
Contains inorganic and organic acids,
polymers, alcohols, 15–30% non-ionic
surfactants
Xi; R41 0.2 (R34)
2.3 (R41)a
0.9 Irritating
(acid
reserve = 3.5)
Corrosive
(92.8/9.9)
Not tested Not tested 1 Corrosive to skin
and eyes (GHS Cat
1a, H314 or DPD C;
R35)
Acid cleaner for
industrial use 3
Contains organic acids, alcohols, 5–
15% anionic and non-ionic
surfactants
Xi; R38-41 0.9 (R34)
1.9 (R41)
2.1 (R38)
0.6 Irritating
(acid
reserve = 3.2)
Not corrosive
(95.9/75.5)
Irritating
(5.4)
Irritating
(Q = 1.38)
3 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)
Acid cleaner for
industrial use 4
Contains organic acids
(including > 20% citric acid
monohydrate), <5% non-ionic
surfactants, phosphate
Xi; R36 0.1 (R41)
2.1 (R36)
0.0 (R38)
0.7 Irritating
(acid
reserve = 8.3)
Corrosive
(64.9/9.6)
Not tested Not tested 2 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)c
(continued on next page)
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Table 1 (continued)
Product type Chemical description Classiﬁcation
for skin & eye
corrosion/
irritation
according to
CCM (DPD)
CCM sum of
quotients
pH Alkali/acid
reserve
(Young)
HSM corrosivity
test (mean cell
viability after
3 min/1 h [%])
HSM
irritation test
(mean cell
viability [%])b
HET-CAM WoE
conclusions
(scenarios
see Fig. 1)
Classiﬁcation
Metal pretreatment
product 1
Contains polymers, inorganic acids
and salts thereof (including
dihydrogenhexaﬂuorotitanate(2))
Not irritating
(not
classiﬁed)
0.2 (R36)
0.2 (R38)
2.0 Not irritating
(acid
reserve = 0.5)
Not corrosive
(97.8/64.2)
Not irritating
(91.4)
Not irritating
(S = 10)
4 + 6 Not irritating to
skin; irritating to
eyes (GHS Cat 2
(H319) or DPD Xi;
R36)
Metal pretreatment
product 2
Contains polymers, inorganic acids
and salts thereof (including
dihydrogenhexaﬂuorotitanate(2))
Not irritating
(not
classiﬁed)
0.4 (R36)
0.4 (R38)
2.0 Not irritating
(acid
reserve = 0.5)
Not corrosive
(97.8/74.4)
Not irritating
(105.3)
Not irritating
(S = 6)
4 + 6 Not irritating to
skin; irritating to
eyes (GHS Cat 2
(H319) or DPD Xi;
R36)
Metal pretreatment
product 3
Contains organic acids, inorganic
acids and salts thereof (including
dihydrogenhexaﬂuorozirconate(2))
Xi; R36/38 0.7 (R34)
0.7 (R41)a
1.9 (R36)
1.9 (R38)
0.6 Irritating
(acid
reserve = 2.6)
Not corrosive
(92.6/58.4)
Irritating
(30.1)
Severely
irritating
(Q = 1.76 at 25%
dilution; 100%
strong
reactions < 10s)
3 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)
Metal pretreatment
product 4
Contains inorganic acids and salts
thereof (including
dihydrogenhexaﬂuorozirconate(2))
Xi; R36/38 0.7 (R34)
0.7 (R41)a
1.9 (R36)
1.9 (R38)
0.6 Irritating
(acid
reserve = 2.7)
Not corrosive
(95.2/65.4)
Irritating
(4.4)
Severely
irritating
(Q = 2.45)
3 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)
Metal pretreatment
product 5
Contains organic acids, inorganic
acids (including 1–5% phosphoric
acid) and salts thereof, alcohols/
ethers
Xi; R36/38 0.1 (R41)a
2.1 (R36)
1.6 (R38)
1.3 Not irritating
(acid
reserve = 1.0)
Not corrosive
(99.1/88.1)
Not irritating
(52.9)
[borderline
result:
individual
tissues: 42.7;
46.4; 69.6]
Severely
irritating
(S = 17)
3 + 5 Skin
irritating + severely
irritating to the
eyes (GHS Cat 1
(H318), Cat 2
(H315) or DPD Xi;
R38-41)
Metal pretreatment
product 6
Contains inorganic acids and salts
thereof (including
dihydrogenhexaﬂuorozirconate(2))
Xi; R36/38 0.6 (R34)
0.6 (R41)a
1.7 (R36)
1.7 (R38)
1.1 Irritating
(acid
reserve = 2.4)
Not corrosive
(86.2/41.2)
Irritating
(3.9)
Irritating
(Q = 1.76)
3 + 6 Irritating to skin
and eyes (GHS Cat 2
(H315, H319) or
DPD Xi; R36-38)
Metal pretreatment
product 7
Contains inorganic acids and salts
thereof (including
dihydrogenhexaﬂuorozirconate(2))
Not irritating
(not
classiﬁed)
0.2 (R36)
0.2 (R38)
1.3 Not irritating
(acid
reserve = 0.5)
Not corrosive
(79.0/72.0)
Not irritating
(60.3)
Not irritating
(Q = 0.14)
4 + 6 Not irritating to
skin; irritating to
eyes (GHS Cat 2
(H319) or DPD Xi;
R36)
Metal pretreatment
product 8
Contains inorganic acids and salts
thereof (including
dihydrogenhexaﬂuorozirconate(2))
Xi; R36/38 0.8 (R34)
0.8 (R41)a
1.2 (R36)
1.2 (R38)
2.0 Not irritating
(acid
reserve = 0.1)
Not corrosive
(98.8/91.0)
Not irritating
(50.5)
[borderline
result:
individual
tissues 40.9;
43.5; 67.0]
Not irritating
(Q = 0.71)
3 + 6 Irritating to skin
and eyes (GHS Cat 2
(H315, H319) or
DPD Xi; R36-38)
Metal pretreatment
product 9
Contains inorganic acids and salts
thereof (including
dihydrogenhexaﬂuorozirconate(2))
Not irritating
(not
classiﬁed)
0.3 (R36)
0.3 (R38)
1.0 Irritating
(acid
reserve = 1.0)
Not corrosive
(83.6/18.8)
Not irritating
(56.8)
[borderline
result:
individual
tissues: 48.5;
54.5; 67.5]
Not irritating
(Q = 0.38)
3 + 6 Irritating to skin
and eyes (GHS Cat 2
(H315, H319) or
DPD Xi; R36-38)
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J. Scheel et al. / Toxicology in Vitro 25 (2011) 1435–1447 1439photometrically with the results expressed as% viability in the test
material treated tissues relative to the negative control. The proce-
dure will be described in brief. Initially, the ability of a test sub-
stance to directly reduce MTT was assessed. The liquid test
samples (30 lL) were added to the MTT solution and incubated
for 60 min at room temperature. If the MTT solution turned to
blue/purple, it was assumed that the test chemical had reduced
the MTT. Since none of the test items reacted with the MTT solu-
tion, an additional check with freeze-killed controls to check
whether residual test compound binds to the tissue was not per-
formed. On the day of receipt, tissues were aseptically removed
from the transport agarose and transferred into cell culture plates.
The tissues were pre-incubated at 37 C in 5% CO2/95% air for at
least 1 h. After pre-incubation the tissues were transferred to
new cell culture plates containing fresh medium and were exposed
topically to the test chemicals. Liquids (50 lL) were applied with a
micropipette. In addition to the test item a negative control (dis-
tilled water) and a positive control (8 N KOH) was tested. The test
items and each control were tested in four tissues per sample, i.e.
in duplicate for 3 and 60 min. After the treatment the tissues were
stringently rinsed with buffered salt solution in order to remove
residues from the test item. Subsequently the viability of the tis-
sues was determined using the MTT assay: Tissues were exposed
to the MTT solution for 3 h at 37 C in 5% CO2/95% air. After rinsing,
the tissues were transferred into new cell culture plates and were
submerged in isopropanol in order to lyse the cells and release the
formazan salt. After at least 2 h extraction the optical density of the
isopropanol extracts was determined photometrically at 570 nm.
The relative viability was calculated as percentage of the mean
viability of the negative controls for each treatment interval. The
mean of the two values from identically treated tissues for each
treatment interval was then used to classify the test item. A test
itemwas considered to be not corrosive to the skin if the mean via-
bility value after 3 min isP50% and/or the viability after 60 min is
P15%. In case of a viability of <50% after 3 min treatment and a
viability of <15% after 60 min treatment the test itemwas classiﬁed
as corrosive to skin (C; R35 or GHS Cat 1; a subcategorisation of
corrosive test items is not feasible).
2.4.2. EpiDerm™ skin irritation test (EPI-200-SIT)
The experiments were performed according to OECD guideline
439 (OECD, 2010a) and the supplier’s protocol (MatTek, 2010).
The procedure is described in brief: Initially, the test substance’s
ability to reduce the MTT dye was assessed as described under Sec-
tion 2.4.1. On the day of receipt, tissues were aseptically removed
from the transport agarose and transferred into cell culture plates.
The tissues were preincubated at 37 C in 5% CO2/95% air for 19 h
in order to release transport stress-related compounds and any
debris accumulated during shipment. The preincubation period
was longer than in the corrosion test since irritation is a much
more sensitive endpoint where possible transport related altera-
tions of the skin equivalents can have a bigger impact on the sen-
sitivity of the test system. After preincubation the tissues were
transferred to new cell culture plates containing fresh medium
and were exposed topically to the test chemicals and the controls
for 60 min. 30 lL of each test item were applied with a micropi-
pette. Each test chemical was applied to three tissues. In addition
to the test items a negative control (DPBS) and a positive control
(5% SDS in water) was tested. After the treatment the tissues were
stringently rinsed with buffered salt solution in order to com-
pletely remove the test item. Afterwards the inserts were trans-
ferred into cell culture plates containing fresh medium. The
tissues were incubated for 42 h at 37 C in 5% CO2/95% air. At the
end of the incubation period, the viability of the tissues was deter-
mined using the MTT assay on blotted inserts in analogy to the cor-
rosion test as described under Section 2.4.1.
Table 2
Selected compounds: testing results and literature data.
Type of
compound
Chemical name and
test concentration
CAS Suppliera Classiﬁcation
neat
substance
(DSD/
suppliers)
Classiﬁcation
tested
dilution
(DSD)
pH (as
measured
before
testing)
Alkali/acid
reserve
(Young)
HSM
corrosivity
test (mean
cell
viability
after
3 min/1 h
[%])
HSM skin
irritation
test
(mean
cell
viability
[%])
HET-CAM Skin effects, in vivo
animal data
Eye effects, in vivo
animal data
Inorganic
acid salt
Sodium
silicate  5H2O
(molar ratio 1) 5%
10213-
79-3
Silmaco
N.V.,
Belgium
C; R34 Xi; R36/38 13.1 Irritating
(alkali
reserve = 1.26)
Not tested Irritating
(19.7)
Severely
irritating
(Q = 2.14
(25%); strong
reactions (tel
quel, <10 s))
5% not irritating (OECD
404) Henkel AG and Co.
KGaA (1977)
57.5% corrosive (OECD
404) Karlsson and Lodén
(1984)
Undiluted sodium
metasilicate
(MR1) corrosive in
enucleated rabbit
eyes (non-
validated in vitro
test, cited in HERA
(2005))
5% no test
information
No OECD guideline
test available
Inorganic
acid 1
Sulphuric acid 5% 7664-
93-9
MCW
GmbH,
Germany
C;
R35P 15%
(P5–<15%
Xi; R36/38)
Xi; R36/38 0.3 Irritating (acid
reserve = 4.18)
Not tested Not irritating
(62.7)
Irritating
(Q = 1.34,
moderate
coagulation)
10% dilutions appear not
to be irritating to the
skin (various studies,
cited in OECD SIDS
(2001a)
No OECD guideline test
available
10% not irritating
(OECD 405);
conﬂicting results
(not irritating or
severely irritating)
are observed in
various studies,
depending on the
protocol used
(OECD/EU or US)
OECD SIDS
(2001a)
Alkanolamine Monoethanolamine
(MEA) 5%
141-
43-5
DOW
GmbH,
Germany
C; R34 Xi; R36/37/
38
11.8 Not irritating
(alkali
reserve = 0.94)
Not tested Not irritating
(74.8)
Not irritating
(Q = 0.98)
1% irritating, 10%
corrosive (rabbit,
semiocclusive 10 over
2 w) and a formulation
with 5.9% MEA was
irritating in human patch
tests CIR (1983); some
other studies provide
inconclusive data ECB
(2000a) and BIBRA
(1989)
5% no test information
No OECD guideline test
available
5% (severe)
irritation and
necrosis in rabbits
Carpenter and
Smyth (1946),
BIBRA (1989) and
CIR (1983)
No OECD guideline
test available
Solvent Diethylene glycol
monobutyl ether
(DEGBE) 20%
112-
34-5
Overlack
AG,
Germany
Xi; R36 None 4.2 Not tested (no
extreme pH)
Not tested Not irritating
(69.3)
Irritating
(Q = 1.41)
Not irritating in rabbits
(BASF test) ECB (2000b)
20% no test information
No OECD guideline test
available
Results in rabbit
tests range from
not irritating to
highly irritating; a
25% dilution
1440
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caused slight
keratitis ECB
(2000b)
20% no test
information
No OECD guideline
test available
Organic acid Citric acid  1H2O
20%
5949-
29-1
Brenntag
GmbH,
Germany
Xi; R36 Xi; R36 1.3 Irritating (acid
reserve = 4.14)
Not tested Irritating
(21.9)
Irritating
(Q = 1.62)
Analogy to citric acid:
not irritating (OECD 404)
ECB (2000c)
30% slightly or not
irritating in three rabbit
studies OECD SIDS
(2001b)
20% no test information
Analogy to citric
acid: highly
irritating (OECD
405) ECB (2000c)
and OECD SIDS
(2001b)
20% no test
information
Detergent Alkyl ether
sulphate C12-C14
with EO, sodium
salt 7%
68891-
38-3
Cognis
GmbH &
Co. KG,
Germany
Xi; R38/41 Xi; R36 7.7 Not tested (no
extreme pH)
Not
corrosive
(90.6/
107.0)
Not irritating
(95.1)
Severely
irritating
(Q = 1.25 in
combination
with strong
and early
coagulation
which also
impaired
assessment
of H and L)
Undiluted irritating
(OECD 404) Henkel AG
and Co. KGaA (1994a &
1994b) and Cognis
Deutschland GmbH and
Co. KG (2007)
7% no test information
Undiluted
severely irritating
to eyes (analogy to
test with dilution)
(OECD 405) Cognis
Deutschland
GmbH and Co. KG
(2007)
7% no test
information
Inorganic
acid 2a
Phosphoric acid
10%
7664-
38-2
BK-
Giulini,
Germany
Xi; R36/38
(P10–<25%)
Xi; R36/38 0.8 Irritating (acid
reserve = 3.96)
Not tested Irritating
(33.3)
Not irritating
(Q = 0.89,
moderate
coag.)
10% no test information
cf. phosphoric acid 25%
10% not irritating
to eyes (OECD
405) Jacobs (1992)
Inorganic
acid 2b
Phosphoric acid
25%
7664-
38-2
BK-
Giulini,
Germany
C;
R34P 25%
C; R34 0.3 Corrosive
(acid
reserve = 9.94)
Corrosive
(82.2/
11.0)
Irritating
(5.0)
Not irritating
(Q = 0.84,
coag.)
25% corrosive (necrosis
in all three animals)
(OECD 404) ECB (2000d)
Undiluted corrosive in
rabbits Merck KGaA
(2009)
various additional
studies with inconsistent
results ECB (2000d)
17% not irritating
(OECD 405) Jacobs
(1992)
Undiluted
severely irritating
in rabbits Merck
KGaA (2009)
25% no test
information
Organic acid
salt
Nitrilotriacetic acid
(NTA), sodium salt
20%
5064-
31-3
BASF AG,
Germany
Xi; R36 Xi; R36 12.9 Irritating
(alkali
reserve = 0.84)
Not tested Irritating
(7.4)
Severely
irritating
(Q = 2.0 at
50%, tel quel
strong effects
< 10s)
38% not irritating in
rabbits (BASF test) (ECB,
2000e) not irritating,
liquid, conc. not
speciﬁed (OECD 404)
(ECB, 2000e)
20% no test information
38/30% not
irritating (BASF
test and OECD
405) (ECB 2000e);
some tests with
irritating effects
(ECB, 2000e)
20% no test
information
a Dilutions were prepared at Henkel AG & Co. KGaA.
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Table 3
HET-CAM prediction model.
Reaction
time
method [Q]
score
Endpoint
assessment
[S] score
Not irritatinga Irritating Severely
irritating
(R41/Cat
1)
Slightly
irritating
Moderately
irritating
60.8 0–5 x
>0.8–<1.2 6–12 x
P1.2–<2.0 13–15 x
P2 16–18 x
a In analogy to classiﬁcation based on in vivo scores.
1442 J. Scheel et al. / Toxicology in Vitro 25 (2011) 1435–1447Like in the corrosion test, the relative viability was calculated as
percentage of the mean viability of the negative controls. The mean
of the three values from identically-treated tissues was then used
to classify the test item. A test item was considered to be not
irritating to the skin if the mean viability of the three tissues was
P50% compared to the negative control. In case of a mean viabil-
ity of <50% the test item was classiﬁed as irritating (Xi; R38 or
GHS Cat 2).
2.5. HET-CAM (Hen‘s egg test – chorioallantoic membrane)
The HET-CAM was carried out as previously described (Steiling
et al., 1999) using the reaction time method for transparent and
the endpoint assessment for non-transparent test items. In brief,
fertilized eggs were incubated for 9 days prior to use. Six eggs were
used for each test item. The irritation potential is evaluated by
occurrence of speciﬁc effects to the membranes and/or vessels
(hemorrhage (H), lysis (L), coagulation (C)) which are interpreted
in comparison to 5% sodiummagnesium lauryl-myristyl-6-ethoxy-
sulphate (Texapon ASV, Cognis, Germany). This internal reference
compound is included in each study and is known to be moder-
ately irritating to the rabbit eye in vivo.
In the reaction timemethod occurrence of hemorrhage (H), lysis
(L), coagulation (C) is observed for 5 min. Both irritation scores, i.e.
for the test and benchmark substance, ﬁnally result in the Q-value,
which is calculated as the quotient of both individual irritation
scores (mean over all eggs). In the endpoint assessment, the sub-
stance is rinsed after 30 s before observations are made and the
sum of scores (S) for the six eggs is determined. The most pro-
nounced effects (highest S-value) are then used to translate results
into four categories which are deﬁned as follows: Q 6 0.8 or S 0–5:
slightly irritating, Q > 0.8 to <1.2 or S 6–12: moderately irritating,
QP 1.2 to < 2.0 or S 13–15: irritating, QP 2 or S 16–18: severely
irritating (R41 or GHS Cat 1) (see Table 3). For the purpose of
assessing test items for classiﬁcation purposes, the categories
‘‘slightly irritating’’ and ‘‘moderately irritating’’ were combined
into one single category termed ‘‘not irritating’’, since both are
analogous to non-classiﬁed results from in vivo tests. Tests were
performed according to GLP.3. Results
3.1. Composition of the dataset
Of the 20 products included in this study, three were alkaline
(pH P11.5; effectively between 12.7 and 13) and 17 acidic (pH
62; effectively between 0.5 and 2.0) (see Table 1). Besides the ex-
treme pH, selection criteria were the relevance of the products
with regard to the market and risk management implications of
the product use.
In addition, nine individual compounds were tested in parallel
in aqueous dilution (see Table 2) of which three were alkaline
and four acidic in the extreme pH range. Two of the compounds,a solvent and a detergent, do not have an extreme pH. The selec-
tion followed several criteria: (a) a frequent use in industrial prod-
ucts, (b) the concentration should be at the lower limit for
classiﬁcation (as irritating) according to DSD and (c) the concentra-
tion should also be in a realistic range that is often used in
products.
3.2. Testing and evaluation scheme
Based on provisions in chemicals legislation, we have imple-
mented a testing and assessment scheme for industrial products
with extreme pH values. The principle of weight of evidence is em-
ployed at each step of data generation/collection. Without any fur-
ther information, a product with an extreme pH value should be
considered as corrosive, unless further (converse) evidence is avail-
able. If there is an interest to further assess the irritating/corrosive
properties, data generation usually starts with the determination
of the alkali/acid reserve. Exonerative results from this method
are then further veriﬁed or falsiﬁed by in vitro experiments. The
ﬁrst in vitro test is the human skin model test for corrosivity. Again,
exonerative results require further investigation which is done by
the human skin model test for skin irritation and the HET-CAM
for eye irritation. Information gained by these experiments is al-
ways weighed by expert judgment in the overall context, taking
into account the knowledge on the properties of the product ingre-
dients, CCM and AR results and in vitro data. Details of the testing
and assessment scheme are shown in Fig. 1. Testing would of
course not be needed in cases where overriding data is available
for a product, like human experience or animal data, or if bridging
principles based on similar products that have already been tested
are applicable.
3.3. Test results: products
The complete testing results for all products are shown in Ta-
ble 1. In total, six products (alkaline cleaner for industrial use 1, 2
and 3, acid cleaners for industrial use 2 and 4, metal pretreatment
(MPT) product 11) were detected as corrosive by human skin
model test. From the remaining 14 products which were further
tested in the skin irritation protocol, 5 were irritating (acid clean-
ers for industrial use 1 and 3, MPT products 3, 4 and 6), another 4
were judged to yield borderline results (MPT products 5, 8, 9 and
12; for deﬁnition of borderline results see footnote in Table 1)
and 5 were clearly not irritating (MPT products 1, 2, 7, 10 and
13). The same 14 non-corrosive products were also tested in
the HET-CAM. Four of them were detected as severely irritating
(acid cleaner for industrial use 1, MPT products 3, 4 and 5), three
as irritating (acid cleaner for industrial use 3, MPT products 6 and
12) and 7 as not irritating to the eyes (MPT products 1, 2,7,8,9,10
and 13).
Table 4 shows combinations of results from the different
methods to assess skin effects grouped according to the outcomes
(hazard classes). Per default a classiﬁcation based on pH alone
would result in the most severe classiﬁcation. Due to the way
how the tiered approach was applied in this study (i.e. no further
testing of products determined as corrosive according to CCM
and/or AR), the cases where CCM and/or AR may lead to a corro-
sive classiﬁcation were systematically ﬁltered out beforehand. In
six cases (alkaline cleaners 1–3 and acid cleaners 2 and 4; MPT
product 11) the HSM resulted in a classiﬁcation as corrosive
which was not indicated by AR. Provided a strict interpretation
of HSM results according to OECD criteria (i.e. not qualifying bor-
derline results as possibly irritating), HSM and AR results were
coincident in the remaining 12 cases, or the classiﬁcation
resulting from HSM was lower than with AR (MPT products 9
and 13). For the majority of products (17, i.e. all besides MPT
Conventional Calculation Method (CCM)
classify as corrosive3
alkaline/acid reserve (Young et al.)
In vitro Human Skin Model Test: 
Corrosion  (OECD 431)
not corrosive
pH ≤2.0 or ≥11.51/2
irritating or not irritating
corrosive
default
In vitro Human Skin 
Model Test: Irritation
(OECD 439)
irritating to the skin7
not irritating to 
the skin / 
not classified
classify as irritating 
to the skin
SKIN EYE
HET-CAM5
thorough evaluation of existing information on ingredients
no severe effects expected
classify as irritating 
to the eye
severe effects expected
severe effects
classify as severely 
irritating to the eye / 
serious eye damage
additional information / WoE6
corrosive
corrosive
irritating or not irritating
Scenario 1
not corrosive4
Scenario 2
products in this study
Scenario 3
Scenario 4
Scenario 6
Scenario 5
irritating or not irritating
Fig. 1. Testing and evaluation scheme for skin and eye corrosion/irritation for industrial products with extreme pH values. Footnotes: 1If no overriding information is
available (like human or animal data); this scheme is designed for product assessment w/o animal tests with the product. 2Exemptions possible for dilutions of substances
with deﬁned properties. 3Corrosivity as determined in the skin model is also considered relevant for the eye. 4Based on additional (more relevant) information. This can in
principle result in a classiﬁcation as skin irritating or not irritating. For eye effects, further evaluations are made. 5Since the HET-CAM is not formally validated, the result is
only used as supportive evidence for the evaluation in case of non-severe effects. Other in vitro tests may be appropriate as well. 6As a precaution the minimum classiﬁcation
is ‘‘irritating’’. 7As a precaution, borderline results were considered irritating if CCM or AR indicated a classiﬁcation as irritating to skin.
J. Scheel et al. / Toxicology in Vitro 25 (2011) 1435–1447 1443products 5, 8, 12) the CCM results in less or equally severe clas-
siﬁcations than AR and HSM. In ten cases CCM and AR showed
the same results (alkaline cleaners 1 and 3; acid cleaner 3; MPT
products 1–4, 6, 7, 10), in another 10 cases CCM and HSM (acid
cleaner 3; MPT products 1–4, 6, 7, 9, 10, 13). In eight cases all
three methods (CCM, AR and HSM) provided the same classiﬁca-
tion outcome all of which were acid products (acid cleaner 3;
MPT products 1–4, 6, 7, 10). In addition, from the test results of
the 17 acid products, a majority of 12 have the same classiﬁcation
in AR and HSM (acid cleaners 1 and 3; MPT products 1–8, 10, 12).
CCM most frequently (eleven times) lead to a classiﬁcation as not
irritating (alkaline cleaner 2; acid cleaners 1, 2 and 4; MPT prod-
ucts 1, 2, 7, 9, 10, 11, 13), AR seven times and HSM nine times(AR: MPT products 1, 2, 5, 7, 8, 10, 12; HSM: MPT products
1, 2, 5, 7–10, 12, 13 provided a strict interpretation of HSM
results according to OECD criteria; the number would be reduced
to ﬁve products if borderline results were qualiﬁed as possibly
irritating). Four products were equally detected as not irritating
in CCM, AR and HSM (MPT products 1, 2, 7, and 10).
Five products (MPT products 6–10) contain varying concentra-
tions of dihydrogen hexaﬂuorozirconate(2) and hydrogen ﬂuo-
ride, which are presumed to be the major constituents
responsible for corrosive/irritating effects. A systematic compari-
son of these products shows that overall the difference in concen-
tration is reﬂected quite well in the results of the in vitro methods
(Table 5).
Table 4
Testing results for products (skin corrosion/irritation) grouped according to individual
classiﬁcation outcomes.
Number of
products
Not
irritating
Irritating Corrosivea Product category
2 CCM, AR pH, HSM Alkaline cleaners 1, 3
1 CCM AR pH, HSM Alkaline cleaner 2
2 CCM AR pH, HSM Acid cleaners 2, 4
1 CCM, AR,
HSM
pH Acid cleaner 3
1 CCM AR, HSM pH Acid cleaner 1
4 CCM, AR,
HSM
pH Acid MPT products 1,
2, 7, 10
3 CCM, AR,
HSM
pH Acid MPT products 3,
4, 6
3 AR, HSM CCM pH Acid MPT products 5,
8, 12
2 CCM, HSM AR pH Acid MPT products 9,
13
1 CCM AR pH, HSM Acid MPT product 11
a Extreme pH as such would result in a default classiﬁcation as corrosive.
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The complete results for the nine individual compounds are
shown in Table 2. The selection comprises inorganic acids (sulphu-
ric acid, 5%; phosphoric acid, 10% and 25%), an inorganic acid salt
(sodium silicate  5H2O, 5%), an organic acid (citric acid  H2O,
20%), a salt of an organic acid (nitrilotriacetic acid (NTA) sodium
salt, 10%), an alkanolamine (methanolamine (MEA), 5%), a solvent
(diethylene glycol monobutyl ether (DEGBE), 20%) and a detergent
(alkyl ether sulphate, C12–C14 with EO, sodium salt, 7%). Results
from in vivo studies are listed as well in Table 2. In contrast to
the testing strategy for products, the testing of individual com-
pounds started for the majority of the compounds with the Epi-
Derm™ skin irritation test (all except for the detergent and 25%
phosphoric acid), based on the anticipated properties of the com-
pound at the chosen concentration according to DSD. Regarding
the latter aspect an exemption was made for the detergent since
it was of speciﬁc interest to investigate how this class of compound
behaves in the in vitro corrosivity test although a corrosive effect
was not expected from DSD or in vivo data.
Combinations of results from the different non-animal meth-
ods, grouped according to the outcomes for skin hazard classes (Ta-
ble 6), show that from the seven samples with an extreme pH the
classiﬁcation based on in vitromethods matched directly with DSD
classiﬁcation in three cases (the inorganic compounds phosphoric
acid, 10% and 25% and sodium silicate  5H2O, 5%); in two cases
the results of the in vitro methods indicated a more severe classiﬁ-
cation (the organic compounds citric acid  H2O, 20% and NTA so-
dium salt, 20%), in another two cases a less severe classiﬁcation (an
inorganic acid, (sulphuric acid, 5%) and the alkanolamine (MEA,
5%)). For the two samples with no extreme pH (the solvent DEGBE,
20% and the detergent alkyl sulphate C12–C14 with EO, sodium
salt, 7%) the in vitro test conﬁrmed the DSD-based classiﬁcation
as not irritating.
Two of the HET-CAM results directly matched with DSD predic-
tions (an inorganic and an organic acid (sulphuric acid, 5%; citric
acid  H2O, 20%), cf. Table 2). In four cases results would have
led to a more severe classiﬁcation while according to in vivo data
(as far as available) it cannot be excluded that this leads to an
over-prediction (substances from different chemical classes: so-
dium silicate  5H2O, 5%; DEGBE, 20%; alkyl ether sulphate C12–
C14 with EO, 7%; NTA sodium salt, 20%). In three cases results
would have led to a less severe classiﬁcation than with DSD (the
alkanolamine (MEA, 5%) and two dilutions of an inorganic acid
(phosphoric acid 10% and 25%)); in two of these cases (phosphoric
Table 6
Testing results for substances (skin corrosion/irritation) grouped according to
individual classiﬁcation outcomes.
Number of
substances
Not
irritating
Irritating Corrosivea Chemical
(cf. Table 2)
1 DSD, AR,
HSM
pH Inorganic acid 2a
1 pH, DSD, AR,
HSM
Inorganic acid 2b
1 HSM DSD, AR pH Inorganic acid 1
1 DSD, AR,
HSM
pH Inorganic acid salt
1 DSD AR, HSM pH Organic acid
1 DSD AR, HSM pH Organic acid salt
1 AR, HSM DSD pH Alkanolamine
1 DSD,
HSM
Solvent (no
extreme pH)
1 DSD,
HSM
Detergent (no
extreme pH)
a Extreme pH as such would result in a default classiﬁcation as corrosive.
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CAM result.
3.5. Product classiﬁcation decisions
As described in Section 3.2 and Fig. 1, a tiered testing and
assessment scheme was used. Regarding the WoE outcomes, six
scenarios were possible in this study. In Table 1 the results of the
WoE assessments and resulting classiﬁcations are listed in the last
two columns.
Scenarios 1–4 are related to skin irritation/corrosion:
scenario 1: ‘‘corrosive’’ based on results of the HSM corrosion
test (4: alkaline cleaners 1–3; acid cleaner 2)
scenario 2: ‘‘non-corrosive’’ despite a positive outcome in the
HSM (2: acid cleaner 4; MPT product 11)
scenario 3: ‘‘irritating’’ based on HSM irritation test (9: acid
cleaners 1 and 3; MPT products 3–6, 8, 9, and 12)
scenario 4: ‘‘not irritating’’ based on HSM irritation test (5:
MPT products 1, 2, 7, 10, and 13).
Scenarios 1, 5, and 6 are related to eye effects:
scenario 1: ‘‘corrosive’’ based on results of the HSM corrosion
test (4: alkaline cleaners 1–3; acid cleaner 2)
scenario 5: ‘‘severely irritating/serious eye damage’’ based on
WoE (7: acid cleaners 1, 3, and 4; MPT products 3, 4, 5 and 11)
scenario 6: ‘‘irritating’’ based on WoE (9: MPT products 1, 2,
6–10, 12, 13).
As a precaution, classiﬁcation for eye irritation was never set below
‘‘irritating’’ even if all testing results were clearly negative.
For the scenarios of skin vs. eye irritation/corrosion the follow-
ing observations were made: scenario 2 for skin effects was in both
cases combined with scenario 5 for eye effects (acid cleaner 4; MPT
product 11); scenario 3 for skin effects was either combined with
scenario 5 (ﬁve times, acid cleaners 1 and 3; MPT products 3–5)
or scenario 6 for eye effects (four times, MPT products 6, 8, 9,
and 12); scenario 4 for skin effects happened to be always com-
bined with scenario 6.
For the two products for which scenario 2 was followed (acid
cleaner 4 and MPT product 11) the clearly predominant substance
with a irritating/corrosive potential was citric acid for which in vivo
studies were available that demonstrated no irritating properties
to the skin (see Table 2). In-house data with similar products sup-
ported this assumption. Due to very low amounts of other acidsand/or surfactants from which a slight impact on the irritating
properties could not be fully excluded, these products were classi-
ﬁed as skin irritating. With regard to eye effects, a classiﬁcation as
severely irritating/serious eye damage was chosen as a worst case
assumption since the combined data for eye irritation were not
clear without ambiguity.4. Discussion
In this study we have investigated the corrosive and irritating
properties of 20 products with extreme pH values by making use
of different in vitro methods in a tiered testing and assessment
strategy. Nine individual compounds (dilutions) were tested in
parallel. The tiered approach that was used has proven to be a
pragmatic tool to produce data suitable to support classiﬁcations
according to chemicals law. As soon as a solid classiﬁcation is de-
rived for a series of products, the properties of similar products
can be ‘‘bridged’’ based on expert judgment. The use of such bridg-
ing principles is outlined under GHS and CLP.
The way how the tiered testing strategy was applied in this
study represents partially a worst case approach, since products
classiﬁed as corrosive according to the CCM were excluded from
testing and classiﬁed/labeled as corrosive. ‘‘CCM = corrosive’’ how-
ever must not necessarily mean that the product is indeed corro-
sive due to the fact that the generic cut-off limits are usually not
based on experimental data of individual compounds and that
the additivity approach may not always be justiﬁed with regard
to the real physiological situation in human skin. Further testing
in such cases is also possible to verify or falsify the initial out-
comes. Since such products were excluded from this study, no
judgment can be made from the available data about a possible
correlation between CCM classiﬁcations as corrosive in comparison
to the respective in vitro results.
Human skin model tests have undergone extensive formal val-
idation and acceptance procedures in order to be broadly applica-
ble. Since the validation was performed with a speciﬁc and limited
set of compounds, it seems useful to further substantiate their
applicability by practical experience.
Since there are no in vivo studies available for the products
tested in this study, a direct comparison to in vivo data is not pos-
sible. For the individual compounds, a comparison to in vivo data is
possible only in a limited way since testing conditions may have
been different, or were not available in detail (e.g. pH adjustment).
A crude plausibility check shows that the in vitro results in some
cases seem to be matching or may have overestimated or, in very
few cases (skin and eye effects of monoethanolamine), may have
underestimated the effects in vivo. This study is not a direct fol-
low-up of the validation where well-documented in vivo data
was available for the tested reference compounds. Nevertheless,
valuable information could be obtained by comparing the results
from the various non-animal methods. For example, the results ob-
tained with a subset of products with varying contents of zirconate
and hydroﬂuoric acid indicate that discrimination between the de-
grees of irritancy is possible by in vitro methods.
With regard to eye irritation, the situation is still more complex
since there are no validated and accepted methods available for the
whole range of irritancy. Therefore, additional information to the
in vitro results is needed within a weight of evidence assessment.
In cases were the overall knowledge of the ingredients is consid-
ered insufﬁcient to allow for a WoE assessment, data from other
assays like the BCOP test can be useful in addition to the HET-
CAM. It has previously been discussed that combination with addi-
tional methods (e.g. models with stroma like the BCOP) in a battery
approach could be a solution (Scott et al., 2010). An observation
form our study was also that from the 14 products that were tested
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severe classiﬁcation than the AR.
Though the number was small (three products) it strikes that all
alkaline cleaners in this study were tested as corrosive in the HSM
which was in contrast to the results of the AR, and also of the CCM.
The question remains if the test system properly reﬂects the physi-
ological effects in these cases, andwhatmightbe the trigger for these
effects (e.g. the combination of strong alkaline pHand detergents). A
typical detergentwhichwas tested in dilution did not per se prove to
be corrosive in theHSM. In case the corrosive result for these kindsof
productswould be supported by in vivo data, testing could ﬁnally be
abandoned and pH alone may serve as reliable classiﬁcation crite-
rion. Further systematic investigations with combinations of con-
stituents in various concentration ranges and with different pH
values could provide more insight, including possible thresholds of
irritancy/corrosivity related to product composition and pH.
Further knowledge on such issues is expected from a project
initiated in 2010 by The European Detergent Association (A.I.S.E.)
to investigate the applicability of validated and adopted in vitro
eye and skin irritation/corrosion methods to reliably classify deter-
gent and cleaning product formulations. Product categories include
hand dishwashing liquids, laundry detergents, all purpose cleaners
and extreme pH products. A review of existing literature and data
shared by A.I.S.E. member companies, and the practical testing in
selected in vitro test methods of representative formulations sup-
ported by existing animal and/or human data is envisaged
(A.I.S.E., personal communication; initial results were presented
at regulatory meetings in 2010 in Germany and Switzerland and
2011 in the US (Eskes C, Cazelle E, Hermann M, Jones P, McNamee
P, Strutt A. Applicability of validated and adopted in vitro methods
to assess detergents and cleaning products. Poster presented at the
ICCVAM Workshop series on best practices for regulatory safety
testing: assessing the potential for chemically induced eye injuries.
Bethesda, USA)).
As more data is expected to become available from this and pos-
sibly other sources the approach might be reﬁned for its domain of
applicability in the future based on additional experience.5. Conclusions
The tiered testing and assessment approach used in this study
has proven to be a pragmatic tool to derive classiﬁcations accord-
ing to chemicals regulations. The approach includes several ‘‘worst
case’’ assumptions. In vitro tests can be used to qualify initial eval-
uations based on the pH value and the alkali or acid reserve. In par-
ticular, the usefulness of the inclusion of the human skin model
tests and the HET-CAM in the tiered approach was shown. HSM re-
sults match in most cases with the AR results but overall rather
predict a comparatively higher skin corrosive/irritating potential.
A ﬁnal judgment whether the in vitro results correctly reﬂect the
physiological effects regarding irritating or corrosive properties
of pH extreme products or if they may lead to over- predictions
cannot be made based on the current data. Further investigations
might help to systematically evaluate the reliability and physiolog-
ical relevance of in vitro testing results for mixtures. A speciﬁc fo-
cus should be on alkaline cleaners and potential interactions of
their components. For eye effects, further efforts are needed to
achieve approved test systems for the whole range of irritating/
corrosive effects. If suitable information is available, properties of
similar formulations can be ‘‘bridged’’ based on expert judgment
as outlined under GHS and CLP.6. Conﬂicts of interest statement
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